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Abstract 

Surfaces  of  platinum  and  gold  adsorb  ferrocenyl-l2-dodecyl 
isocyanide,  I,  and  di (10-ferrocenecarbonyl-decyl) disulfide,  II, 
and  yield  self-assembled,  redox  active  monolayers  incorporating 
ferrocene  groups.  The  values  of  E1/2  for  alkyl  ferrocenyl  centers 
from  I  are  ~300  mV  more  negative  than  acyl  ferrocenyl  centers  from 
II.  This  difference  allows  easy  electrochemical  measurement  of 
surface  concentrations  of  ferrocene  centers  from  I  and  II  on  Pt  or 
Au .  I  adsorbs  selectively  on  Pt  or  Au  compared  to  II,  but  with 
different  degrees  of  selectivity.  Further,  for  Pt  the  selectivity 
depends  on  the  surface  pretreatment.  The  affinity  of  II  for  a  Pt 
surface  first  exposed  to  an  O2  plasma  (oxidized  Pt)  is  lower  than 
that  for  a  Pt  surface  exposed  first  to  an  O2  plasma  and  then  to  a 
H2  plasma  (reduced  Pt) .  The  same  two  plasma  treatments  of  Pt  do 
not  affect  the  binding  of  I  on  Pt.  Thus,  the  selectivity  of  Pt 
for  I  vs .  II  is  higher  for  the  oxidized  Pt  (-200:1)  compared  to 
that  for  the  reduced  Pt  (-20:1).  The  two  plasma  treatments  of  Au 
do  not  influence  the  selectivity  for  binding  I  vs.  II;  the 
selectivity  for  binding  I  vs .  II  on  Au  is  -8:1.  By  using  the  O2 
plasma  pretreatmont  and  a  40:1  solution  of  II: I,  orthogonal  self- 
assembly  of  II  onto  Au  and  I  onto  Pt  can  be  effected  when  the  two 
samples  are  derivatized  in  the  same  solution.  The  orthogonal 
self-assembly  yields  a  1:10  ratio  and  a  10:1  ratio  of  the  alkyl 
ferrocenyl : acyl  ferrocenyl  centers  on  Au  and  Pt  surfaces, 
respectively. 


We  wish  to  report  procedures  for  formation  of  self-assembled 
monolayers  that  modify  Au  and  Pt  electrodes  selectively  when  both 
are  immersed  in  a  common  solution  containing  the  isonitrile,  I, 
and  the  disulfide,  II,  equation  (1) .  Much  work  has  been  reported 


1)  O2  Plasm#  R  R  R 

2)  RSSR  ♦  r’nC  (40:1)  ®  f  ® 

/iininiiiii/im  +  /m/ni/nmnn  . -  -  njnmihmm 

Au  Pt  Au 


recently  concerning  the  use  of  self-assembly  methods  to 
functionalize  electrode  surfaces . Relatively  little  work, 
however,  has  been  reported  concerning  the  self-assembly  of  multi- 
component  systems  on  different  substrates.  We  have  named 
selectivity  of  the  sort  represented  in  equation  (1)  "orthogonal 
self-assembly", meaning  that  each  molecule  adsorbs  selectively  ta 
a  different  surface.  We  have  previously  demonstrated  such 
orthogonal  self-assembly  for  Au  and  AI2O3:  thiols  selectively  bind 
to  Au,  and  carboxylic  acids  bind  selectively  to  Al203.^2  part  of 
the  significance  of  our  new  findings  is  that  both  Pt  and  Au  are 
useful  electrode  materials,  whereas  insulating  AI2O3  is  not.  Thus, 
orthogonal  self-assembly  using  I  and  II  can  be  exploited  to 


R  R  R 
8  8  8 

nhmjhnnh 

Pt 


(1) 


prepare  an  organized  two-component/  redox  active  molecular 
assembly . 

Self-assembly  of  redox  active  monolayers  has  been 
accomplished  by  immersion  of  Pt  and/or  Au  into  organic  solutions 
of  and/or  E1/2  for  the  alkyl  ferrocenyl  centers 

from  I  is  -300  mV  more  negative  than  E1/2  for  the  acyl  ferrocenyl 
centers  from  II,  allowing  easy  electrochemical  measurement  of 
their  surface  concentrations  even  when  both  species  are  on  the 
surface.  For  Au  or  Pt  surfaces  pretreated  by  sequential  exposure 
to  an  O2  plasma  (2-5  min)  followed  a  H2  plasma  (1  min),  we  find 
that  I  or  II  form  a  durable,  redox  active  monolayer  (3-5  x  10"^® 
mol/cm^)  on  either  Pt  or  Au .  However,  pretreatment  with  only  the 
O2  plasma  suppresses  the  uptake  of  II  on  Pt,  while  not  affecting 
the  uptake  of  I,  Figure  1.  The  pretreatment  procedure  involving 
only  the  O2  plasma  for  Au  gives  the  same  response  to  I  or  II  as 
found  when  pretreatment  involves  the  sequential  O2  and  H2  plasmas. 
X-ray  photoelectron  spectra  in  the  4f7/2  region.  Figure  2,  show 
high  binding  energy  peaks  consistent  with  the  presence  of  a  Au  or 
Pt  oxide  after  the  O2  plasma  pretreatment  which  is  removed  by  the 
H2  plasma  pretreatment 

Ten  independent  comparisons  show  that  the  reduced  Pt  (O2 
plasma  followed  by  H2  plasma)  yields  about  ten  times  the  coverage 
of  redox  active  material  as  does  the  oxidized  Pt  (O2  plasma  only) 
when  reacting  both  surfaces  in  the  same  solution  of  II,  Figure  1. 
Importantly,  oxidized  and  reduced  Pt  derivatized  with  only  I  show 
the  same  coverage,  -4  ±  1  x  10"10  mol/cm^.  XPS  analysis  of 
oxidized  Pt  functionalized  with  I  shows  high  binding  energy  Pt 
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4f7/2  peaks,  consistent  with  retention  of  the  oxidized  surface.  In 
contrast,  XPS  of  oxidized  Au  after  reaction  with  1  or  II  shows  no 
detectable  high  binding  energy  peaks,  consistent  with  loss  of  the 
Au  oxide.  Electrochemically  formed  Au  oxide  has  been  shown  to  be 
reactive  toward  other  surface  modification  reagents. 

Electrochemical  analyses  of  pretreated  Pt  and  Au  after 
reaction  with  mixtures  of  I  and  II  show  that  I  is  always  more 
competitively  adsorbed  than  II,  but  a  sufficiently  large  ratio  of 
II: I  in  solution  will  yield  selective  uptake  of  II.  The  reduced 
and  oxidized  Au  both  give  a  preference  of  I  vs.  II  of  8:1. 

Reduced  and  oxidized  Pt,  however,  have  different  preferences  for  I 
vs.  II,  since  oxidized  Pt  is  nearly  inert  to  II.  The  preferences 
for  uptake  of  I  vs.  II  on  oxidized  and  reduced  Pt  are  ~200:1  and 
~20:1,  respectively.  Thus,  pretreatment  of  Pt  and  Au  with  only 
the  O2  plasma  is  predicted  to  give  the  highest  degree  of  orthogonal 
self-assembly  by  reaction  with  I  and  II  with  Pt  and  Au . 

By  using  a  40:1  ratio  of  II:I  in  solution  and  the  O2  plasma 
pretreatment  of  Au  and  Pt,  we  have  demonstrated  selective 
functionalization  of  Pt  with  I  and  selective  functionalization  of 
Au  with  II  when  derivatized  in  the  same  solution  of  I  and  II.  The 
orthogonal  self-assembly  yields-a—l-^-l-0- and— 10:1  ratio  of  alkyl 
ferrocenyl : acyl  ferrocenyl  centers  on  Au  and  Pt,  respectively. 
Figure  3.  The  total  coverage  of  ferrocene  centers  is  always  ~4  ± 

1  X  10"^®  mol/cm^,  or  about  one  monolayer.  Changing  the  ratio  of  I 
and  II  in  solution  changes  the  ratio  of  the  two  different  centers 
on  the  Au  and  Pt  surfaces  in  a  manner  consistent  with  a 
competitive  reaction  of  I  and  II.  Further  studies  are  underway  to 
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establish  the  scope  of  orthogonal  self-assembly  on  Pt  and  Au,  in 
order  to  functionalize  microelectrode  arrays^^'^^  with  a  variety  of 
redox  centers. 
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Figure  Captions 

Figure  1.  Cyclic  voltammetry  (500  mV/s)  in  CH3CN/O.I  M 
[n-Bu4N]PF6  for  Pt  electrodes  after  modification  by  reaction  with 
5  X  10“^  M  I  (top)  or  with  lO"*^  M  II  (bottom)  for  18  h  in 
EtOH:hexane  (1:1).  The  data  cn  the  left  are  for  Pt  electrodes 
pretreated  with  a  2  min  O2  plasma  and  the  data  on  the  right  are  for 
Pt  electrodes  pretreated  with  a  3  min  O2  plasma  followed  by  1  min 
H2  plasma. 

Figure  2,  Comparison  of  XPS  spectra  for  Pt  and  Au  pretreated 
with  a  3  min  O2  plasma  or  with  a  3  min  O2  plasma  followed  by  a  1 
min  H2  plasma. 

Figure  3.  Comparison  of  cyclic  voltammetry  (500  mV/s)  in 
CH3CN/O.I  M  [n-Bu^NjPFg  for  oxidized  (2  min  O2  plasma  pretreatment) 
Pt  and  Au  electrodes  after  derivicization  in  EtOH:hexane  (1:1) 
solution  containing  1  x  10”^  M  II  and  2.5  x  10"^  M  I  for  18  h. 
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